In this work, two methods based on microwave-assisted extraction techniques for the extraction of both anthocyanins and total phenolic compounds from açai have been developed. For that, a full factorial design (Box-Behnken design) has been used to optimize the following four variables: solvent composition (25-75% methanol in water), temperature (50-100 • C), pH (2-7), and sample/solvent ratio (0.5 g: 10 mL-0.5 g: 20 mL). The anthocyanins and total phenolic compounds content have been determined by ultra high-pressure liquid chromatography and Folin-Ciocalteu method, respectively. The optimum conditions for the extraction of anthocyanins were 38% MeOH in water, 99.63 • C, pH 3.00, at 0.5 g: 10 mL of ratio, while for the extraction of total phenolic compounds they were 74.16% MeOH in water, 99.14 • C, pH 5.46, at 0.5 g: 20 mL of ratio. Both methods have shown a high repeatability and intermediate precision with a relative standard deviation lower than 5%. Furthermore, an extraction kinetics study was carried out using extraction periods ranging from 2 min until 25 min. The optimized methods have been applied to açai-containing real samples. The results with such real samples have confirmed that both methods are suitable for a rapid and reliable extraction of anthocyanins and total phenolic compounds.
Introduction
Nowadays, the use of vegetables and fruits in the treatment and prevention of different chronic diseases, like cancer, based on their interesting antioxidant or anti-inflammatory properties, is increasing [1] [2] [3] [4] [5] . Euterpe is a genus of tropical palm trees native to Northern South America that produces three predominant fruits: Euterpe edulis Mart., Euterpe precatoria Mart., and Euterpe oleracea Mart. Different studies have proven the significant properties of those species for the treatment of different diseases [6] .
Açai (Euterpe oleracea Mart.) is a spherical dark drupe of a small size (1.0-1.8 cm) which is very appreciated for its nutritional content such as proteins, carbohydrates, fibers, and fats [7, 8] ; this is why native people from these regions have included it in their diet for centuries [9] . Several research resolution when working at high pressure levels. Both systems have been used to identify phenolic compounds and anthocyanins in maoluang fruits [45] , primula [46] , andeanfruit [47] , lotus seed [48] , and açai [10, 49] , among others.
On the other hand, ultraviolet-visible spectroscopy is an analytical technique based on the absorption and reflectance exhibited by some compounds when electromagnetic resonance is applied in the ultraviolet and visible range. This information can be used to identify some functional groups and to determine their concentration. The Folin-Ciocalteu procedure is one of the methods that are most often used to determine the total phenolic compounds concentration. It has been applied to the analysis of phenolic compounds in Cytisusvillosus [50] , Cryphaeaheteromalla [51] , elderberry [52] , rice [53] , and açai [10] , among others.
The aim of this research is to design a fast and reliable method to determine anthocyanins and total phenolic compounds in a particular açai containing raw material, i.e., commercial products as well as açai residues to be used in industries and laboratories. For that purpose, a microwave-assisted extraction method has been optimized for the extraction of the anthocyanins and the total phenolic compounds that are found in lyophilized açai samples. Finally, the optimized methods were applied to different commercial açai containing products (freeze-dried açai, as well as açai juice, jam, and tablets).
Materials and Methods

Reagents
The methanol (MeOH) from Fisher Scientific (Loughborough, UK), and the formic acid from Panreac (Barcelona, Spain) were both HPLC grade and used for the chromatographic separation. To regulate the pH of the extraction solvents, "for analysis" grade hydrochloric acid from Panreac (Barcelona, Spain) was used. Ultra-pure water was obtained from a Milli-Q water purifier system from Millipore (Bedford, MA, USA).
Cyanidin chloride (≥ 95% pure) from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA) was the standard used for anthocyanins. As far as the total phenolic compounds are concerned, Folin-Ciocalteu reagent from EMD Millipore (Darmstadt, Germany), sodium carbonate anhydrous from Panreac (Barcelona, Spain), and gallic acid pattern from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA) were employed.
Açai Samples
In order to optimize the microwave-assisted extraction methods, a lyophilized açai (MundoArcoiris, Besalú, Girona, Spain) from ecological agriculture was used. Furthermore, different presentations of açai products (three lyophilized açai, three açai juices, an açai tablet, and an açai jam) were selected to study the applicability of the method developed in this study.
Microwave-Assisted Extraction
An ETHOS 1600 (Advanced Microwave Labstation, Milestone Inc., Shelton, CT, USA) equipment was used for the microwave-assisted extraction. The appropriate amount of sample (0.5 g) was weighed and placed into a high pressure teflon container. After that, the corresponding amount of solvent was added and covered by a teflon cap to prevent any gas leaks that may be generated during the process. Then, it was placed in the rotary carousel. The carousel was put into the extraction equipment, and a 10-min extraction program was started. The variables that had been selected to be optimized were the extraction solvent (25-75% MeOH in water), the extraction temperature (50-100 • C), the extraction solvent pH (2) (3) (4) (5) (6) (7) , and the sample mass (g): solvent volume (mL) ratio (0.5:10-0.5 :20) .
After the extractions, the samples were cooled down at room temperature. Then, the extracts were centrifuged twice for 5 min at 7500 rpm (orbital radius 9.5 cm). Finally, the obtained extracts were filtered through a 0.20 µm nylon syringe filter (Membrane Solution, Dallas, TX, USA) prior to their chromatographic analysis. All the extractions were performed in duplicate.
Experimental Design Methodology
The positive and negative effects of the extraction variables on the response within the studied range were evaluated using the Box-Behnken statistical method, where two different responses were considered: on the one hand, the total amount of anthocyanins and, on the other hand, the total phenolic compounds.
In this experimental design, four extraction variables (each variable at three levels: low, medium, and high) have been evaluated. The four experimental variables were: solvent composition (25-50-75% methanol in water), temperature (50-75-100 • C), pH (2-4.5-7), and sample:solvent ratio (0.5 g of lyophilized açai in 10-15-20 mL). These ranges were selected based on existing previous studies on the extraction of both bioactive compounds [54, 55] . The experimental design of the 27 extractions in duplicate (average values), including 3 experiments at the central point, along with their respective responses (total anthocyanins and total phenolic compounds) and the predicted values, are shown in Table S1 .
The total amount of anthocyanins (mg anthocyanins per g of sample) as determined by UHPLC was used as one of the response variables, and the total amount of phenolic compounds (mg of total phenolic compounds per g of sample) as determined by the Folin-Ciocalteu method was used as the other response variable.
The responses of all these extractions were entered in a second-order polynomial equation as follows:
In this equation, Y is the response and β 0 is the ordinate at the origin; X 1 (percentage of MeOH in the extraction solvent), X 2 (temperature of extraction), X 3 (pH of the extraction solvent), and X 4 (sample:solvent ratio) are the independent variables; βi are the linear coefficients; and βij are the cross-product coefficients and βii are the quadratic coefficients.
Statgraphic Centurion (version XVII) software (Statgraphics Technologies, Inc., The Plains, VA, USA) was used to estimate the effects of the variables on the final responses, the second order mathematical model, the surface graphs, the analysis of variance, as well as the optimum levels of the significant variables.
Identification of Anthocyanins by UHPLC-QToF-MS
Regarding the identification of anthocyanins, an ultra high-performance liquid chromatography (UHPLC) coupled to a quadrupole-time-of-flight mass spectrometry (Q-ToF-MS) (Xevo G2, Waters Corp., Milford, MA, USA) was used. The injection volume was set to 3 µL. The chromatographic separation was performed on a reverse-phase C18 analytical column of 2.1 mm x 100 mm and a 1.7 µm particle size (Acquity UHPLC BEH C18, Waters).
We employed water (2% formic acid) as solvent A and methanol as solvent B at a flow rate of 0.4 mL min −1 . The applied gradient was as follows: 0 min, 15% B; 3. 
Separation and Quantification of Anthocyanins by UHPLC-UV-vis
As far as the anthocyanins separation and quantification are concerned, an Elite UHPLC LaChrom Ultra System (VWR Hitachi, Tokyo, Japan) consisting of an L-2200U Autosampler, an L2300 Column Oven, an L-2160U Pumps, and an L-2420U UV-vis Detector was used. For the chromatographic separation, the column oven was adjusted to 50 • C. For the analysis, the UV-vis detector was set at 520 nm. The anthocyanins were analyzed on a HaloTM C18 Hitachi LaChrom column (100 × 3 mm I.D., particle size 2.7 µm). A gradient method, using acidified water (5% formic acid) as solvent A, and methanol as solvent B, working at a flow rate of 1.0 mL min −1 , was employed for the chromatographic separation. The employed gradient was as follows: 0 min, 15% B; 1.50 min, 20% B; 3.30 min, 30% B; 4.80 min, 40% B; 5.40 min, 55% B; 5.90 min, 60% B; 6.60 min, 95% B; 9.30 min, 95% B; 10 min, 15% B. A characteristic chromatogram of the separation of the anthocyanins in açai is shown in Figure 1 .
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The four anthocyanins present in açai (cyanidin 3-O-glucoside, cyanidin 3-O-rutinoside, peonidin 3-O-glucoside, and peonidin 3-O-rutinoside) were quantified using the calibration curve for cyanidin chloride, taking into account the molecular weight of the anthocyanins analyzed. All the analyses were carried out in triplicate.
Total Phenolic Content
The total phenolic content of the extracts obtained from açai, both in the experimental design and in subsequent assays, was determined through the spectrophotometric Folin-Ciocalteu method The calibration curve of cyanidin chloride and the limits of detection (LOD) and quantification (LOQ) obtained using the UHPLC-UV-vis method were as follows: y = 300,568.88x − 28,462.43, LOD = 0.198 mg L −1 , LOQ = 0.662 mg L −1 , with a linear regression coefficient (R 2 ) of 0.9999. The LOD and LOQ were determined as the analyte concentration corresponding to the standard deviation of the signal of the blank values (n = 10) plus 3 or 10 times, respectively, divided by the slope of the linear regression.
The total phenolic content of the extracts obtained from açai, both in the experimental design and in subsequent assays, was determined through the spectrophotometric Folin-Ciocalteu method Agronomy 2020, 10, 179 6 of 15 described by Singleton and Rossi [56] , incorporating the modifications suggested by Singleton et al. [57] for vegetable extracts. Gallic acid was used as the standard. A methanolic solution of gallic acid (1000 mg L −1 ) was diluted in methanol at various concentrations (0.1-500 mg L −1 ) to produce the standard curve. The reaction was performed by transferring 0.25 mL of standard solution or extract samples into 25 mL volumetric flasks. Then, 12.5 mL of distilled water, 1.25 mL of Folin-Ciocalteu reagent, and 5 mL of aqueous sodium carbonate solution 20% (w/v) were added in this order. After that, the volumetric flask was flushed with distilled water and was manually stirred for 30 s and kept protected from the light at room temperature for 30 min. The absorbance of the solution was measured at 765 nm by means of a spectrophotometer (JASCO V-530, JASCO Corporation, Tokyo, Japan) with a quartz cuvette of 10 mm path length.
The calibration curve obtained for the gallic acid standard was y = 0.0024x − 0.0031. The analytical parameters of the calibration were: R 2 = 0.9999; LOD = 1.649 mg L −1 ; LOQ = 5.498 mg L −1 .
Results
Box-Behnken Design
A Box-Behnken design was used to optimize the extraction conditions for the total anthocyanins and total phenolic compounds from freeze-dried açai. Four different extraction variables were studied in the following ranges: % methanol in water between 25% and 75%, temperature values between 50 and 100 • C, solvent pH between 2 and 7, and sample-to-solvent ratio between 0.5:10 and 0.5:20 g açai: mL of extraction solvent. A total of 27 extractions in duplicate were performed. The extraction time was initially fixed at 10 min, and the amount of lyophilized açai employed was 0.5 g. All the experiments were performed in duplicate, and they are presented in Table S1 .
Anthocyanins Optimization
Optimization of the Extraction Method
Once the 27 extractions were carried out by duplicate, the anthocyanin content in the extracts was quantified by UHPLC-UV-vis. The individual anthocyanins were added together to determine the total anthocyanins. The Box-Behnken design was applied to those values (average of each duplicate analysis) to determine the most influential variables and the optimum conditions for the extraction of the anthocyanins in açai.
The predicted values obtained from Equation (1) were correlated with the real values of the total anthocyanins. The data related to the fitting properties of the resulting model, expressed as a percentage of the differences between the experimental values for the anthocyanin recoveries and the calculated ones, are presented in Table S1 .
The resulting average difference between the experimental data and the calculated values was 2.33%, ranging from 0.00% to 20.49%. This means that the extraction variables control the final extract composition in terms of anthocyanins recovery and that the extraction conditions can therefore be adjusted to optimize the extraction of the anthocyanins present in açai.
The standardized Pareto chart ( Figure 2 ) and the p-values (Table 1) show that the most influential variables for the extraction of total anthocyanins in açai were the percentage of methanol in the extraction solvent (p-value: 0.000), the quadratic interaction of the percentage of methanol (p-value: 0.000), the interaction temperature-pH (p-value: 0.0154), and the interaction pH-ratio (p-value: 0.000). It was expected that the percentage of methanol in the solvent extraction would be one of the most influential factors regarding the extraction of anthocyanins, since an extraction of this kind of compounds requires a solvent or a mix of solvents with a similar polarity to the compounds of interest. As expected, the quadratic interaction of the percentage of methanol and the individual effect of the percentage of methanol were the most influential factors. 38.23% methanol in water was the optimum value for the extraction of anthocyanins. This value is in accordance with the solvents used to extract these kinds of compounds from other vegetables matrixes such as blackberry [58] , black bamboo [59] , etc. The interaction between the pH and the ratio of solvent employed had a smaller influence on the extraction of total anthocyanins. The optimum values for the extraction of anthocyanins are shown in Table 2 . It was expected that the percentage of methanol in the solvent extraction would be one of the most influential factors regarding the extraction of anthocyanins, since an extraction of this kind of compounds requires a solvent or a mix of solvents with a similar polarity to the compounds of interest. As expected, the quadratic interaction of the percentage of methanol and the individual effect of the percentage of methanol were the most influential factors. 38.23% methanol in water was the optimum value for the extraction of anthocyanins. This value is in accordance with the solvents used to extract these kinds of compounds from other vegetables matrixes such as blackberry [58] , black bamboo [59] , etc. The interaction between the pH and the ratio of solvent employed had a smaller influence on the extraction of total anthocyanins. The optimum values for the extraction of anthocyanins are shown in Table 2 .
Kinetics of the Extraction Process
To assess the kinetics of the extraction process, three different extractions were carried out under the optimum conditions using different extraction times (2, 5, 10, 15, 20, and 25 min) . It can be observed from Figure 3 that the optimum time for the extraction, i.e., when the maximum recovery of anthocyanins is obtained, was 10 min. In fact, longer extraction periods affect the anthocyanins recovery, likely due to the degradation of these compounds because of the temperature [60] . "Ratio" (mL) 10 20
To assess the kinetics of the extraction process, three different extractions were carried out under the optimum conditions using different extraction times (2, 5, 10, 15, 20, and 25 min) . It can be observed from Figure 3 that the optimum time for the extraction, i.e., when the maximum recovery of anthocyanins is obtained, was 10 min. In fact, longer extraction periods affect the anthocyanins recovery, likely due to the degradation of these compounds because of the temperature [60] . 
Repeatability and Intermediate Precision of the Method
The repeatability and intermediate precision of the developed method have been determined. For this purpose, a total of 30 extractions were performed, distributed as follows: 12 extractions performed on the first day of the study, and 9 more extractions on each of the two subsequent days. It can be observed in Table 3 that the method had a suitable repeatability (RSD 1.66%) and intermediate precision (RSD 3.23%). 
Phenolic Compounds Optimization
Optimization of the Extraction Method
The same extraction experiments that were carried out to determine the best conditions for the extraction of total anthocyanins using the Box-Behnken design were applied to the optimization of the total phenolic compounds extraction method. In this case, the Folin-Ciocalteu method described above was used to measure the total phenolic compounds in the extracts. With these values (average of each duplicate analysis), the Box-Behnken design was applied to determine the most influential variables and the optimum conditions for the extraction of total phenolic compounds.
The real values of the total phenolic compounds were correlated with the predicted values obtained by Equation (1) . The actual values and predicted values, and the differences between them (%), are presented in Table S1 . The resulting average difference ranged between 0.35% and 18.85%, and its average was 5.61%. This means that the extraction variables that were managed during the experiment control the final extract composition in terms of total phenolic compounds recovery and that the extraction conditions can therefore be adjusted to optimize the extraction of the phenolic compounds present in açai.
The standardized Pareto chart (Figure 4 ) and the p-values table (Table 1) showed that the most influential factors in the extraction of total phenolic compounds in açai were the temperature (p-value: 0.0055), the quadratic relation pH-pH (p-value: 0.0360), and the interaction pH-"ratio" (p-value: 0.0007).
1 Repeatability (n = 12); 2 Intermediate precision (n = 27).
Phenolic Compounds Optimization
Optimization of the Extraction Method
The standardized Pareto chart (Figure 4 ) and the p-values table (Table 1) showed that the most influential factors in the extraction of total phenolic compounds in açai were the temperature (p-value: 0.0055), the quadratic relation pH-pH (p-value: 0.0360), and the interaction pH-"ratio" (p-value: 0.0007). Unlike what happened with total anthocyanins, the percentage of methanol did not represent an important influence on the amount of total phenolic compounds extracted. Phenolic compounds have a high range of polarity; thus, there is not a specific percentage of methanol that suits the Unlike what happened with total anthocyanins, the percentage of methanol did not represent an important influence on the amount of total phenolic compounds extracted. Phenolic compounds have a high range of polarity; thus, there is not a specific percentage of methanol that suits the extraction requirements of these compounds [61] . Consequently, the methanol percentage has a minor influence on the amount of phenolic compounds extracted. However, in this case, the temperature is a highly influential factor as it improves the extraction kinetics of these kinds of compounds; higher temperatures facilitate the solubility of the compounds and, as a consequence, their extraction [62] . Other factors, such as the volume of solvent employed, also have a remarkable effect. The optimum values for the total phenolic compounds extraction were gathered in Table 3 .
Kinetics of the Extraction Process
The kinetics of the extraction of total phenolic compounds were also studied. In order to study the kinetics of the extraction process, three experiments at optimum extraction conditions ( Table 2) were carried out using different extraction times (between 2 and 25 min). The results for the recovery of total phenolic compounds are represented in Figure 5 . As in the case of anthocyanins, the optimum extraction time for the total phenolic compounds was 10 min, although no significant differences between 10 and 15 min could be observed.
The kinetics of the extraction of total phenolic compounds were also studied. In order to study the kinetics of the extraction process, three experiments at optimum extraction conditions ( Table 2) were carried out using different extraction times (between 2 and 25 min). The results for the recovery of total phenolic compounds are represented in Figure 5 . As in the case of anthocyanins, the optimum extraction time for the total phenolic compounds was 10 min, although no significant differences between 10 and 15 min could be observed. 
Repeatability and Intermediate Precision of the Method
The repeatability and intermediate precision of the method were determined by means of different extractions in three consecutive days under the optimum extraction conditions that had been previously determined. 12 extractions were carried out on the same day to determine the repeatability. 9 additional extractions were performed on each one of the two consecutive days. The results (Table 3) showed the excellent repeatability (RSD 2.17%) and intermediate precision (RSD 2.42%) of the method.
Re-Extraction Experiments
A re-extraction study of the sample was carried out after the extraction, using the optimal extraction conditions for both total phenolic compounds and total anthocyanins. Quantities under 5% of the total phenolic compounds and total anthocyanins were obtained in both cases.
Application of the Methods to Real Samples
Once the two methods were developed and optimized for the microwave-assisted extraction of anthocyanins and phenolic compounds from açai, they were applied to eight real samples to demonstrate their suitability. 
Repeatability and Intermediate Precision of the Method
Re-Extraction Experiments
Application of the Methods to Real Samples
Once the two methods were developed and optimized for the microwave-assisted extraction of anthocyanins and phenolic compounds from açai, they were applied to eight real samples to demonstrate their suitability.
The extraction results are presented in Table 4 , where large amounts of phenolic compounds can be observed. The largest amount of phenolic compounds was obtained from lyophilized açai, but the rest of the samples also had a high concentration of phenolic compound, ranging between 1.42 and 12.37 mg of the total phenolic compounds per gram of açai. On the other hand, the concentration levels of anthocyanins in the real samples, except for the lyophilized açai ones, were very low. This is most probably due to the degradation of anthocyanins during the manufacturing process or storage of açai products [32] . Another possible reason is the small amount of açai used for the manufacturing of these products or the addition by manufacturers of other more affordable purple fruits to obtain a color similar to that of real açai. This theory is supported by the fact that some of the obtained chromatograms showed a series of peaks with retention times of over four minutes, probably caused by the presence of anthocyanins from different berries other than açai.
Conclusions
In the present work, four different anthocyanins were identified in açai: cyanidin 3-O-glucoside, cyanidin 3-O-rutinoside, peonidin 3-O-glucoside, and peonidin 3-O-rutinoside.
Two methods, where microwaves assisted the extraction of both the anthocyanins and the total phenolic compounds present in açai, were optimized. On the one hand, the optimum conditions for the extraction of anthocyanins were determined as follows: 38.23% MeOH in the extraction solvent, 99.63 • C, pH 2, and 0.5:10 g açai: mL of extraction solvent ratio. On the other hand, the optimum conditions for the extraction of the phenolic compounds were determined as follows: 74.16% MeOH in the extraction solvent, 99.14 • C, pH 5.46, and 0.5:20 mL g açai: mL of extraction solvent ratio. Both methods exhibited both a high repeatability and intermediate precision, with RSD values below 3% in all cases.
A kinetics study was carried out, and 10 min of extraction time was proven to be enough to obtain the maximum amount of both total anthocyanins and total phenolic compounds. Both methods have proven their reliability and rapid implementation, and could therefore be considered as being perfectly suitable to implementation on an industrial scale.
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